Immune dysfunction is linked with lymphocyte DNA metabolism. In particular, DNA damage may impair lymphocyte function and induce increased cell turnover; such changes are of relevance to the pathogenesis of rheumatoid arthritis. The rate of DNA unwinding in alkaline solution was used as a measure of the number of DNA strand breaks in mononuclear cells freshly isolated from peripheral blood. The rate of DNA unwinding was significantly increased in celis from patients with rheumatoid arthritis compared with those from healthy subjects and from patients with other autoimmune and connective tissue diseases. These findings support the hypothesis that DNA damage is increased in patients with rheumatoid arthritis and it is one factor contributing to immune dysfunction in this disease. Immune dysfunction is a characteristic of rheumatoid arthritis (RA). The immunological changes include autoimmunity, lymphocytic infiltration of the synovium, diffuse lymphadenopathy, and raised immunoglobulin levels.' Decreased responses of both T and B lymphocytes to mitogens2 and incomplete progression towards lymphocyte activation3 have also been described. In addition, patients with RA have an increased risk of sepsis and death due to infection.4 Some of these observations could be explained by metabolic changes in lymphocytes.
Immune dysfunction is a characteristic of rheumatoid arthritis (RA). The immunological changes include autoimmunity, lymphocytic infiltration of the synovium, diffuse lymphadenopathy, and raised immunoglobulin levels.' Decreased responses of both T and B lymphocytes to mitogens2 and incomplete progression towards lymphocyte activation3 have also been described. In addition, patients with RA have an increased risk of sepsis and death due to infection.4 Some of these observations could be explained by metabolic changes in lymphocytes.
DNA damage, including strand breaks, invariably occurs in nucleated cells but is usually repaired. For lymphocytes in particular, DNA metabolism is fundamental to proliferation and hence immune function. Evidence for this comes from studies of lymphocyte depletion in patients with severe combined immunodeficiency, associated with the deficiency of adenosine deaminase (adenosine aminohydrolase, E.C. 3.5.4.4) designated total fluorescence and four partial fluorescence. For the background determination the suspension (1-6 ml) was undivided.
A 0-1 ml aliquot of alkaline solution 1 (AS 1; 45% v/v lysis buffer in 0-2 M sodium hydroxide) and 0a1 ml of alkaline solution 2 (AS2; 40% v/v lysis buffer in 0-2 M sodium hydroxide) were very gently layered over the cell suspension in the partial fluorescence tubes using a microsyringe. Aliquots of 0 4 ml AS I and 0-4 ml AS2 were added to the background fluorescence tube, which was then sonicated for 1-2 s to denature the DNA and aliquots (0-6 ml) were then distributed to four disposable plastic tubes. The total fluorescence tubes differed from the partial fluorescence tubes only in that the neutralising solution (1 M glucose, 14 mM mercaptoethanol in distilled water) was added before the alkaline solutions AS1 and AS2 so that the DNA was never exposed to a denaturing pH.
All tubes were incubated at room temperature for up to 60 min. Unwinding was terminated at 0, 20, 40, and 60 min by cooling to 0°C and the addition of 0'4 ml of neutralising solution to the background and partial fluorescence tubes with mixing. The lysates were homogenised by brief sonication and diluted with 1-5 ml of ethidium bromide solution (6) (7) [ig/ml ethidium bromide, 13-3 mM sodium hydroxide solution in distilled water), and their fluorescence was measured in an Aminco spectrofluorimeter (model 4-7439) equipped with a mercury lamp (excitation 360 nm and emission >520 nm). Ethidium bromide binds preferentially to double stranded DNA with an increase in fluorescence. The rate of DNA unwinding (arbitrary units/min) was calculated from the percentage of DNA remaining as double strands after a timed incubation.
In vitro DNA repair was investigated in mononuclear cells from patients with RA and control subjects. Blood samples (20 ml) were collected into lithium heparin tubes from five patients with RA (median age 56, range 42-65, four women and one man) and from five healthy controls (median age 30, range 2540, one woman and four men). A 10 ml aliquot of blood was used immediately to measure the rate of DNA unwinding using the procedure described above. A further 10 ml was incubated at room temperature for four hours before the determination of the rate of DNA unwinding.
Statistical analyses were performed using the Mann Whitney-U test using the Oxstat V software package (Oxford Logic, Oxford, United Kingdom).
Results
Mononuclear cells from patients with RA showed an increased rate of DNA unwinding compared with control subjects. Figure 1 contrasts typical DNA unwinding curves from a patient with RA and from a healthy control subject and shows an increased rate for the patient with RA. Figure 2 shows that the rate of DNA unwinding in the group of 15 patients with RA was significantly increased (median 0-69, range 0-58-1-02) compared with the 15 controls (median 0-46, range 0 34-0-52) using the Mann Whitney U test (p<00001). The results for the patients with RA were also significantly different (p<0-01) from the other patient groups studied. There were no differences in the rate compared with controls for patients with osteoarthritis (median 0*50, range 0-31-0-72) and Crohn's disease (median 0-42, range 0-40-0 43) (fig 2) . However, the rate of DNA unwinding for patients with SLE (mean 0 50, range 0 49-0-64) was significantly different (p<0-01) from controls and patients with RA.
The difference between patients with RA and control subjects could not be explained by the variability of the method. The rate of DNA unwinding in mononuclear cells from four healthy volunteers measured on four or five separate occasions over an 18 month period was Increased DNA strand breaks in rheumatoid arthritis normal cells-however, cells necessarily possess efficient repair mechanisms. We have investigated DNA integrity in diseased and normal mononuclear cells using an accurate and sensitive DNA unwinding assay. Our results indicate that DNA strand breaks are significantly more common in mononuclear cells from patients with RA than in cells from the other groups studied. This observation was neither sex nor age related. The rate of DNA unwinding was highly discriminatory towards patients with RA (fig 2) , but the technical complexity of this particular assay makes it unsuitable for routine use. There was also a lower increase in the rate of DNA unwinding found in our small group of patients with SLE compared with control subjects.
Several explanations could account for our findings, including the presence of more damaging species, drugs, lack of repair, and mononuclear cell type and subset. Firstly, in isolated DNA most generating systems for oxygen free radicals cause DNA strand breaks.'2 13 As there is an increased production of oxygen free radicals in patients with inflammatory diseases, such as RA,"4 these mechanisms may be of relevance.
The relationship of drugs to our findings is more complex. All patients were receiving a variety of non-steroidal anti-inflammatory drugs and second line agents. Patients with RA and osteoarthritis were receiving approximately the same NSAID regimens, so these are unlikely to be the cause of the DNA damage. However, second line agents have variable effects on the generation of reactive oxygen species. For example, D-penicillamine alone scavenges hydrogen peroxide'5 but in the presence of copper ions generates hydrogen peroxide'6; sulphasalazine and its metabolites reduce the generation of reactive oxygen species by neutrophils. 17 Endogenous nucleases can also damage DNA'" by forming internucleosomal breaks. 
